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Cover Photograph

Overturned pillow lavas in the Mikabu Greenstones

Explanation: In the eastern Kii Peninsula, the Mikabu Greenstones, which belong to the Sambagawa Belt, are
exposed for ca. 3 km from south to north and ca. 30 km from west to east. They are composed of basaltic lavas and
volcaniclastic rocks with minor amounts of dolerite, gabbro and ultramafic rocks. The lavas frequently show
overturned pillow structure, which is one of the reasons that support the existence of a large-scale recumbent fold
within the Sambagawa Belt in this district. The mafic rocks are characterized by two types of amphiboles: igneous
brown hornblende and metamorphic blue-purple alkali amphibole, the latter of which is reported in detail in this
volume.

(Left) Hikogataki valley within the forest area of the Ise Grand Shrine, Ise City; (right) beach in northeastern
Arashima area, Toba City.

(Photograph and Caption by UCHINO Takayuki)
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MIYAKAWA Ayumu, NAWA Kazunari, YAMAYA Yusuke, OHTAKI Toshiki, SUGIHARA Mituhiko,
OKUDA Takashi and SUMITA Tatsuya (2020) Gravity Measurement of Nagura River Basin, in the Western
part of Ishigakijima Island, Japan. Bulletin of the Geological Survey of Japan, vol. 71 (2), p. 6376, 6 figs, 4
tables, 1 Appendix.

Abstract: To reveal the Bouguer gravity anomaly which reflects underground geological structures, we
conducted absolute and relative gravity measurements in the Nagura River Basin, western Ishigakijima
Island, Japan. The gravity acceleration at the gravimeter pier of the VERA-Ishigaki station measured
with an absolute gravimeter was 979002.518 mGal. We further obtained gravity values using a relative
gravimeter at 62 stations on Ishigakijima Island. Subsequently, we constructed gravity anomaly maps of
the Nagura River Basin by compiling gravity data obtained in this study and an existing database. The
Bouguer gravity anomaly decreased from Nagura Bay to the foot of Mt. Omoto. The decrease of the
Bouguer gravity anomaly is considered to be due to the lower density of the Oligocene felsic plutonic
rocks, which constitute Mt. Omoto, than the surrounding Jurassic accretionary complex. Furthermore, a
negative gravity anomaly zone was observed from the foot of Mt. Omoto. This reflects the local basement
shape from Nagura Bay to Mt. Omoto.

Keywords: gravity map, Ishigakijima island, absolute gravity measurements, relative gravity measurements
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Observation points in Ishigakijima Island (a) and close view of Nagura River basin (b). Red dots indicate locations of relative gravity
observations; blue star indicates absolute gravity observation; gray triangles and black diamonds represent existing observation
points of Honda et al. (2012) and Komazawa et al. (2013), respectively. Background topography are drawn by using the 5 m DEM
and the digital river data provided by GSI.
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Table I  Measurement equipments

Measurement equipment

Observation period Gravity observation
Gravity GNSS
2013-03-12-2013-03-15  Relative gravity Scintrex CG-5 (#890) Leica GS-15
2013-08-09-2013-08-11  Relative gravity LaCoste G (#304) Topcon GRS-1
2014-03-14-2014-03-16  Relative gravity Scintrex CG-5 (GSI) Magellan Promark 3

2015-01-17-2015-01-19  Absolute gravity Microg-LaCoste FG5 (#217) ---

W2 W IR o Wl E R, 2013/3/12 ~ 2013/3/15 D AR IC i U 72861 % (),
2013/8/9 ~ 2013/8/11 DWIENZMiIFT L 72844 % (b), 2014/3/14 ~ 2014/3/16 DR
I U 724844 % (c), 2015/1/17 ~ 2015/1/19 DRI EIH L 724844 % (d) 12R

Fig.2 Measurement equipment for each period: (a) 2013-3-12-2013-3-15, (b) 2013-08-09—
2013-08-011, (¢) 2014-03-14-2014-03-16, and (d) 2015-01-17-2015-01-19.
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final values.
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Fig. 3 Time series of absolute gravity measurements (drop values). Black symbols indicate outliers, which were removed upon estimating
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F23K FGS (#217) 12 & 2 HEx eI #5541
Table 2 Absolute gravity measurements with FG5#217

Observation period

Number of drops

2015-01-17-2015-01-19

AEMEHRE 20204 BILE H25

Gravity value at 1.3 m height

S.D. of a single drop

Vertical gradient of gravity

Gravity value at the floor on the mark

B3k
Table 3

Observation period

14231
979002.1284
0.01221

-0.3
979002.5184

mGal
mGal
mGal/m

mGal

25 IR D BERAFAT 12 FA O 7288 1 BRHE R

GPS-based Control Station used for baseline analysis in each period

GPS-based Control Station

2013-03-12-2013-03-15
2013-08-09-2013-08-11
2014-03-14-2014-03-16

G0500, GO748, GO749, GO750, GO751
G0500, GO748, GO750, GO751

G0500, GO749, GO750

G0500 (Iriomote), GO748 (Trama), GO749 (Ishigaki 1), GO750 (Ishigaki 2), GO751 (Hateruma-jima)

Fak HIMEREOFIISM L 2 H )

Table 4  Reference for absolute gravity values

Latitude (N)

) Altitude Gravity value
Longitude (E)

(m) (mGal)
Absolute gravity measurement
24° 247 45”7 0589 124° 10" 15" .7586 25.8  979002.518
in VERA station (NAOJ)*
Gravity standard point** 24° 20" 117 .90 124° 09" 52”7 .76 6.68 979006.04
First order gravity point** 24° 207 117 .90 124° 09° 52”7 .76 6.67 979006.02

* Absolute gravity at the VERA station (NAOJ) measured in this study

(Table 3)

** Absolute gravity from referring Japan Gravity Standardization Net 2016 (JGSN2016) (GSI)

WIE % FhE L - fa a2 1 XIS, WEr—4—%%
FER1UIRT. FERI1OHN, LEFOIMHNE, FAtE
DOERBITN Lz, WEHRD S B, FRZEN K CAVERA
AHEBEMERE CIIENREMEDFIEEL S50 5 /-
W, EHELAME T RS HEMEIZ B W THIE %
1To72M, 0.1 mGalfE THAMN LAERPHE S TH

5.

4. EARBOHH

S L 2 T A G5 C, LIV 5
FEHREIZOWTCERT 5.

SROUEIZLE>TEHLNEREMGEOENTF— 2
(KZI1EH, 2012) 2 b T, FABMBOEEEX
(7 — 5 — BT & A L= (51, %%, SO
FIRER L AR & 72 B 2200, 4T L RO IBHE
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(a) FBME T — & OAREPEFEE 2.00 g/om’ TP L 2 H )X

(b) HHRMET — 4 +BEET — & (KLI1Eh, 2012) 2 EZE 2.00 g/em® TR L 725 H BH X
(¢) FHUAIET — &2 DA EREEE2.67 g/em’ TEHE L 2EH I REX

(d) HHEET — 4 +REET — & (KZI1EH, 2012) 2 REZRE2.67 glem® TEME L 7= H B EH X
AP K B HIE A A I (56 5) B KO, BEFEOENF — 2 X— Z (KL1FH, 2012) % = (25 5)
TRY. HE ORI ORI 1E 1 PR b X 1 3 BUE B 7 L) smA v ¥ 2 () |
EEHL 7.

Gravity anomaly maps with contour interval of xx mGal. (a) Gravity anomaly only using new measurement
data of this study with Bouguer density of 2.00 g/cm’. (b) Gravity anomaly using new measurement data
of this study and the existing data of Honda et al. (2012) with Bouguer density of 2.00 g/cm’. (¢) Gravity
anomaly only using new measurement data of this study with Bouguer density of 2.67 g/em’ . (d) Gravity
anomaly only using new measurement data of this study and the existing data of Honda ef al. (2012) with
Bouguer density of 2.67 g/cm’ . Gravity observation points measured in this study (circles) and those of
Honda et al. (2012) (triangles) are colored according to Bouguer anomaly values. Observation points of this
study are displayed by circles (56 points) and existing data of Honda et al. (2012) are displayed by triangles (25
points). Background topography are drawn by using the 5 m DEM provided by GSI.
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Quadratic trend surface map (a), residual Bouguer anomaly map without the quadratic trend surface (b), both with 0.5 mGal interval,
and geological map (c) (modified after Geological Survey of Japan, 2019). Original gravity anomaly map (Fig.5 (d)) was derived
from observations of this study (circles) and existing data of Honda et al. (2012) (triangles) with Bouguer density of 2.67 g/cm’.
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UCHINO Takayuki and YAMASAKI Toru (2020) Alkali amphibole from doleritic rock in the Mikabu
Greenstones, Shima Peninsula, Mie Prefecture. Bulletin of the Geological Survey of Japan, vol. 71 (2), p. 77—

83, 5 figs, 1 table.

Abstract: Purple to pale-blue amphibole regarded as alkali amphibole ubiquitously appears in the Mikabu
Greenstones of the Sambagawa Belt in the Shima Peninsula, Mie Prefecture. The amphibole was proved
to be magnesio-riebeckite of Na-amphibole and ferri-winchite of Na-Ca-amphibole based on chemical
compositions measured using the EPMA system. Judging from the mineral assemblage of these alkali
amphiboles and the other metamorphic minerals such as chlorite, epidote, albite, actinolite, hematite, etc.,
the dolerite probably underwent the metamorphism of the transitional zone facies between the blueschist
facies and pumpellyite—actinolite facies or greenschist facies.

Keywords: Mikabu Greenstones, metamorphism, alkali amphibole, magnesio-riebeckite, ferri-winchite,

dolerite, Shima Peninsula
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T2V VFRATHRZENHBHLZ ZhoDT
) AR L RReh, fhaf, TANA L, ToF
7R, RPEEORAER S, KFL 4 Mty RY) —
F-7 2 F ) PAMZ O Uik A & & @R SO W
BHEEOER #H > TbEEL16N 5.

1. FUBHIC

PaRE H AN 2R 5 “EIERGEEEE IS, drs
AR A RAEH % #% - 7= Al Ik %2 kL 32
=W, U o TR % R L 4 5 AR (B
wrACH, R, PSR, FEZE KO AL
hEFEERET IR ZRFTIRIZHMAL T 5
(%1.)zu¥¥%@#&MW X, BB S R
Baéﬁfﬂﬁ@%@ﬁ%cﬂmﬁ%df<%ﬁb %z
FUIBHHE 2 & PUIE & THI 800 kmil b7z - THki 3 5.

Z Ok a A EIZ, Ty PEEO L — A
IZ&k o TR INBITY 2 SRROWEE & 5 WVIF AR
WILOW & — A A ShTw 55 (Bl 21

. Isozaki

et al., 1990 5 /N B UE A, 1997, 1999 ; Ichiyama ef al.,
2014 ; Sawada et al., 2019), % DAL RFEUS
TREL, OPDEMDEDONBEHELTNB EALD
N5 UNEIEA, 1999 ; AHIEA, 2007 5 Ichiyama ef al.,
2014).

T R A MK SRR (W bw 3, =
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@%mAébﬁf&ﬁéh5£Wﬁ%ﬁ®$%&%
D128 % ->TH D (Bl AL, Maruyama ef al. 1986 ;
Otsuki and Banno, 1990), il Z X MUE TIXZ Db
(7 zu)ElA~ (77 2vF)) =Xy ZHT
HBZEMNRENTWS (Pl %X, Maruyama and Liou,
1985 ; KFH - i), 2007 5 Endoand\VaHE, 2017)
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2, 2017). 772U, ZFOALEMBIZOWTE, AR
BEWRPO L O IHIERE X T2 DOAT R - #
JEH, 1993), MRk @A THO Fik % 2 EPBESEHO
Lo ELRE STV ERWY., 22 TESHE, EEESET
L~ HaAROONEMR AN A2 RZEL 22 25, F
AR TS B XA =Ry 2 E T b
VL ALY LAAPADT )9 4 v FRGEOFE

' BESEBHTR AT R AR A £ v 4 — MBS WIFZEER M (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
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Fig. 2 Route map around sampling location of the alkali amphibole-bearing doleritic rock.
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H3K GTAAVAREFL IS4 VEAOMAEER, ¥R —5—. Chl: #kJef, Cpx : HEMG, Ep @ #k
hAA, fCpx : MIRHEMESD, Qtz: AYE, sPl: YV —v 254 MLLAFHEA.

Fig.3  Photomicrograph of alkali amphibole-bearing doleritic rock. Open-polarized lights. Chl: chlorite, Cpx:
clinopyroxene, Ep: epidote, f-Cpx: fine clinopyroxene, Qtz: quartz, sP1: saussuritized plagioclase.

Falxl (a, b) TAHVARNAOOFHFBEHE, K-35 —.
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TRAEL, KREVWEDTERERFEL mmfEE Toh 5 (54

Act: 72 F /P, A-amp: 7oA AR,
Chl : f&Je45, Ep: fkh AL, Lx: U a—3F > Y, Hem : #Ekdk

Fig. 4 (a, b) Photomicrograph of alkali amphibole. Ab: albite, Act: actinolite, A-amp: alkali amphibole, Chl:
chlorite, Ep: epidote, Lx: leucoxene, Hem: hematite.
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BN, e Ao 7 e ) ARA (N -

B1IE FLrIA4 rhoTh ) MEREOEPMASHE. F

eO* :

@A 2T

L)

FELL7-fE. Fed2ffi - 3O REE S 0IZ, £

PIFH DFed 2ffi - 3MiDO &S DIZ, ODFEA A VA 23L L72%, Ca: Na-  KERWZTXRTOBEA 4 v B3 1312

75 & 51 L 72 (Schumacher, 1991) .
Table 1

Mrbk : 27" % A4 =Xy 2Bf, £3-Wne :
EPMA analyses of alkali amphibole in dolerite. FeO*: total Fe as FeO. Estimation of Fe*"and Fe'*

7z w4 v FHA.

is based on the assumption of

13 cations (0=23) excluding Ca, Na and K (Schumacher, 1991). Mrbk: magnesio-riebeckite, f3-Wnc: ferri-winchite.

wt.% Mrbk  Mrbk  Mrbk  Mrbk f3-Wnc f3-Wne f3-Wnce f3-Wne f3-Wne f3-Wnce
SiO, 5440 54.04 54.05 5387 53.59 53.92 53.60 54.07 55.14 54.13
Tio, 004 005 018 132 008 004 007 011 011 0.18
AlL,O, 3.09 320 358 3.4 240 234 222 152 142 243
Cr,05 0.06 003 009 003 00l 002 00l 001 000 0.0l
FeO* 2348 2228 2246 22.10 22.15 21.81 2140 20.09 2029 22.74
MnO 0.09 006 008 004 009 0.10 024 007 007 0.08
MgO 9.04 974 886 888 10.52 1073 1023 11.73 11.75 10.64
Ca0 135 264 154 234 369 395 544 421 354 327
Na,O 633 560 620 6.09 481 476 387 469 500 5.19
K,0 0.02 003 002 001 003 002 002 002 00l 003

Total 9791 97.66 97.06 97.81 9736 97.69 97.10 9651 97.35 98.70
Si 775 771 776 775 768 770 777 178 184  7.64
N 025 029 024 025 032 030 023 022 016 036
> Tsite 8.00 800 800 800 800 800 800 800 800 8.00
Mip| 026 025 037 029 0.08 009 015 004 008 0.05
Cr 0.0l 000 00l 000 000 000 000 000 000 0.00
Ti 0.00 001 002 014 00l 000 00l 001 001 0.02
Fe** 181 166 162 125 175 167 127 154 160 186
Mg 192 207 190 190 225 228 221 252 249 224
Fe®* 098 1.00 1.08 141 090 093 132 088 081 082
Mn 001 001 001 000 00l 00l 003 001 001 001
> C-site 500 500 500 500 500 500 500 500 500 5.00
Fe®" 0.00 000 000 000 000 000 000 000 000 0.00
Mn 0.00 000 000 000 000 000 000 000 000 0.00
Mg 0.00 000 000 000 0.00 000 000 000 000 0.00
Ca 021 040 024 036 057 060 085 065 054 049
Na 175 155 173 164 134 132 109 131 138 142
> B-site 195 195 196 200 190 192 193 196 192 191
Na 0.00 000 000 006 000 0.00 000 000 000 0.00
K 0.00 000 000 000 0.00 000 000 000 000 001
> A-site 000 000 000 006 000 000 000 000 000 0.0]

Total 1496 1496 1497 1506 1491 1492 1494 1496 1492 14.92

%%ﬁfﬁé S HEMAAIE, AN ITEADE Ta—7<4 a7+ 54 ¥ (EPMA: JEOL JXA-8900)

, WEAPTR, RS-, 723 ARG
a%énilj\]“B CHUSIIZET S, kB, DEDEHELT

WiWFRAEEOLMORTIE, ZOREAHICET
BEtdb.

~HEANADOZ L BRea 7 —LhiCET 52 L
25, [ARRICRRIEE 7 — VI EE T 5 D 2R SR AV 4R
~HOANGEEGRERICS S ERET S L, E~F@E
AR, Pa L REA
7o F R, KRR F2rREHAT 5.

4. R~FeigRlanbZlms & EiE

5E*~%%f§fﬁFﬁ%50){t%?%HEﬁ SPERR I E A AR A
SE [ A I 92058 (GSJ-Lab.) B D IR 5y UL

, fRR AL, TIISNA b,

IZ&->THMEhrz I#EELE

nA, Y — 2R3 2 yumTh b, ZAFEIC K DA EGHEL

T o7 ARBICE T 5F - FEORBEE DI, O

DAL VB EBELEE, CaNa KERWEZTX

TOBA X VY EA 131275 & HIZEHE L 72 (“13eCNK”)

(Schumacher, 1991). % U CTHAK4 D475 IZHawthorne et
al. (2012) 129 > 7=.

SHORER, FrUvsAfATHLE~Y 2V —
Ny oRIEN4E, TR L ALYy A ARIATH
57 x4 v FPA (Leake et al., 1997, 2004 DAYFET
34 v FRA) BeriER I Z2h s 0AKAD
LR A B I RIORT. w7304 ) =Ry 2HD
ALO, & A B 1£3.09 ~ 3.58 wt.% %, Na,0F A & 1£5.60

1315 kv, HEHEWI 12
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2.0 1.0 1.0
(@)  Na-amphibole (b) (c)
- ferri-winchite
- — glaucophane magnesio-riebeckite — " =
L5, L, St b :
= " . - -5) = +
o S 05 205
P = =
- [=)) =)}
= =
Na-Ca-amphibole ferro-glaucophane riebeckite ferro-winchite
0.5 0.0 0.0
7.5 8.0 0.0 " 0.53 - 1.0 7.5 8.0
Siin formula Fe /[Fe + Al] Si in formula

5K (a) Nap-SiXliZ7 oy b X7 h ) ARAOM. (b) Mg/[Mg+Fe’] —Fe*/[Fe " +AII Kz 7 o v
FERZZF )Y AMARAOM. (o) Mg/IMg+Fe']-SiRICT oy P EhizF t VYL - AL Lfg
P OME. M54 053 $HiId Hawthorne ef al. (2012) 126E - 7=.
Fig. 5 (a) Data of alkali amphibole plotted in Nay, vs. Si diagram. (b) Data of the Na-amphibole plotted in Mg/[Mg+Fe*]
vs. Fe'/[Fe*+""Al] diagram. (c) Data of the Na-Ca-amphibole plotted in Mg/[Mg+Fe*'] vs. Si diagram.
Classification of the amphibole is after Hawthorne et al. (2012).

~ 6.33 wt.%%, MgO& A & 138.86 ~ 9.74 wt.%% /N .
Nay, (BEA A V%23 L LA DOBRONaA A+ v )
81X 1.55 ~ 1.75 pfu (per formula unit) & 7/~ § (58 5Xa) .
Fe™/[MAl (CIEDAIA F VB) +Fe*1130.81 ~ 0.87 % (3
5Xb), % L TMg/[Mg+Fe’']1£0.58 ~ 0.67 & R § (45
[Xc).

72Uy 4 yFRADALO, GHEIT1.42 ~ 243 wt.%
%, Na,OGHEIZ3.87 ~ 5.19 wt% %, MgOGHEIL
10.23 ~ 11.75 wt.% % 7/~ 3. Nagfii 13 1.09 ~ 1.42 pfu’
(% 5Xb), Mg/[Mg+Fe*1120.63 ~ 0.76 2R3 (5 5[Xc).
ARG E 3, TREDSIA F B 7.64 ~ 7.84 pfudD#iH
12, Nag/fEi1.09 ~ 1.75 pfu®DHFPHIZ F & F 5 (55 5Xa)

%72, HETEERGMOMABDENS, KAFL TS
A4 MR —fF{-7 o F P AR Lk R EH
L HGH A OWHIEE OZRMEM 28> T\ b & H
Wrxiis.
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